This paper demonstrates the validity of spectral element analysis for modeling the high-frequency dynamic behaviors of a beam with a surface-bonded piezoelectric wafer through a laboratory test. In the spectral element analysis, the high-frequency electro-mechanical interaction can be considered properly with relatively low computational cost compared to the finite element analysis. In the verification test, a cantilever beam with a surface-bonded piezoelectric wafer is forced to be in steady-state motion by exerting the harmonic driving voltage signal on the piezoelectric wafer. A laser scanning vibrometer is used to obtain the overall dynamic responses of the structure such as resonance frequencies, the associated mode shapes, and frequency response functions up to 20 kHz. Then, these dynamic responses from the test are compared to those computed by the spectral element analysis. A two-dimensional finite analysis is conducted to obtain the asymptotic solutions for the comparison purpose as well. 
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Spectral shape functions
Dynamic stiffness equation
Convert the response variables of governing equations in the time domain into spectral ones in the frequency domain.
Calculate eigenvalues and eigenvectors from the characteristic equations of the spectral governing equations.
Constitute a spectral shape function matrix using the eigenvalues and the eigenvectors from the characteristic equations.
Derive a dynamic stiffness matrix and a nodal force vector using the spectral shape functions and the spectral force boundary conditions.
Frequency response functions
The frequency response functions of specific point are calculated by using the nodal displacement vector and spectral shape functions.
Spectral Representation of EoM
Derive equations of motion for the proposed two-layer beam model.
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Procedures for spectral element formulation (8, 9) 
복층보 요소의 운동방정식에 반영된 압전소자의 전기역학적 특성은 식 (3)과 같은 1차원 전기-역학 적 구성방정식을 사용한다 (12) . (8) .
실험 검증
2차 평면응력 압전요소 10개로 이산화하였다. FE 해석은 KISTI 슈퍼컴퓨팅 센터의 HP590에 설치된 ABAQUS 6.7-4 standard의 steady-state dynamic을 사용하였다 (15) . 참 고 문 헌
